Influence of estrogen depletion and salt loading on renal angiotensinogen expression in the mRen(2).Lewis strain. Am J Physiol Renal Physiol 299: F35-F42, 2010. First published May 12, 2010 doi:10.1152/ajprenal.00138.2010.Lewis (mRen2) strain is an ANG II-dependent model of hypertension expressing marked sex differences in blood pressure and tissue injury that also exhibits estrogen and salt sensitivity. Because estrogen and salt influence angiotensinogen (AGT), circulating and renal expression of the protein were assessed in the mRen2 using a sensitive and specific ELISA. Hemizygous female and male mRen2 were placed on normal (1% NaCl, NS)-or high (8% NaCl, HS)-salt diets from 5 to 15 wk of age while a separate NS cohort was ovariectomized (OVX). The OVX mRen2 exhibited higher blood pressure (184 Ϯ 6 vs. 149 Ϯ 5 mmHg, n ϭ 6), a 16-fold increase in urinary AGT (uAGT) (0.2 Ϯ 0.02 vs. 0.01 Ϯ 0.01 g·kg Ϫ1 ·day Ϫ1 , P Ͻ 0.01), but no change in proteinuria (PROT). Excretion of AGT was correlated with blood pressure and PROT in the female groups. The HS diet led to higher blood pressure (224 Ϯ 8 mmHg), a 180-fold increase in uAGT (1.8 Ϯ 0.2 g·kg Ϫ1 ·day Ϫ1 ), and increased PROT (98 Ϯ 9 vs. 7 Ϯ 1 mg·kg Ϫ1 ·day Ϫ1 ). Compared with females, NS males expressed higher excretion of uAGT (3.0 Ϯ 0.4 g·kg Ϫ1 ·day Ϫ1 ) and PROT (32 Ϯ 5 mg·kg Ϫ1 ·day Ϫ1 ); both were increased eightfold with HS (uAGT: 23 Ϯ 3 g·kg Ϫ1 ·day Ϫ1 ; PROT: 285 Ϯ 28 mg·kg Ϫ1 ·day Ϫ1 ) without a change in blood pressure. Although uAGT was markedly higher in the OVX and HS groups, neither renal cortical AGT mRNA or protein expression was increased. Moreover, AGT release in cortical slices was similar for the NS and HS females. We conclude that the increase in uAGT with estrogen depletion or HS likely may be a biomarker for glomerular damage reflecting filtration of the circulating protein in the mRen2. angiotensin II; normal salt diet; high-salt diet
THE CONGENIC mRen (2) .Lewis rat is a hypertensive strain that exhibits marked sex differences in blood pressure, cardiac function, and renal injury (7) . The basis for male-female differences in the mRen (2) .Lewis and other experimental models of hypertension likely reflects, in part, the influence of sex steroids on the renin-angiotensin-aldosterone system (RAAS) (4, 13, 27) . ANG II levels are higher in the circulation and the kidney of the male mRen (2) .Lewis compared with the female congenics, as well as male and female Lewis rats, the normotensive control strain (24) . The female mRen (2) .Lewis still maintain higher levels of circulating ANG II than the Lewis rats, but exhibit lower renal ANG-(1-7), suggesting an imbalance in the ANG II to ANG-(1-7) axis within the kidney. Ovariectomy alone increases the degree of hypertension associated with increased circulating and renal ANG II, as well as diastolic dysfunction, cardiac fibrosis, and higher levels of aldosterone (6, 14) . Moreover, ovariectomy exacerbates the salt-sensitive increases in blood pressure and proteinuria in the female congenics (8) . Estrogen (17␤-estradiol) replacement in the ovariectomized (OVX) congenic reverses increases in blood pressure and deleterious alterations in the RAAS (6) .
Although the protective effects of estrogen may encompass downregulation of the AT 1 receptor and angiotensin-converting enzyme, androgens may exacerbate hypertension and tissue injury through stimulation of the ANG II-AT 1 receptor arm of the RAAS (2) . Depletion of androgens by orchidectomy or testosterone receptor antagonism reduces blood pressure and renal injury in the spontaneously hypertensive rat (SHR), Dahl salt-sensitive (Dahl S), and mRen(2)27.Sprague Dawley strains (3, 9, 11, 30) . Indeed, a key target for the stimulatory actions of androgen is the precursor protein angiotensinogen (9, 11) . Yanes et al. (30) recently demonstrated that orchidectomy reduced salt-sensitive hypertension in male Dahl S rats and the salt-dependent increase in renal angiotensinogen. However, experimental and clinical studies suggest that estrogen also stimulates angiotensinogen synthesis, which may mitigate the beneficial actions of the steroid on the cardiovascular system (4, 15) . In the current study, we tested the hypothesis as to whether ovariectomy or a high-salt diet alters angiotensinogen expression in the ANG II-dependent hypertensive mRen (2) .Lewis. We used a highly sensitive and specific angiotensinogen assay recently developed by Kobori and colleagues (16) to measure both circulating and urinary levels of the protein, as well as assess the release of the protein from the kidney.
MATERIALS AND METHODS

Animals.
Hemizygous male (n ϭ 12) and female (n ϭ 18) mRen (2) .Lewis rats at 4 wk of age were obtained from the Hypertension and Vascular Research Center Congenic colony of Wake Forest University. Rats were housed in an American Association of Laboratory Animal Care approved facility in a temperature-controlled room (22 Ϯ 2°C) with a 12:12-h light-dark cycle (lights on 6:00 A.M. to 6:00 P.M.) and allowed free access to food and water. A bilateral ovariectomy (OVX) was performed on a separate cohort of females (n ϭ 6) under 4% isoflurane. At 5 wk of age, male (n ϭ 6) and intact female (n ϭ 6) animals remained on a 1% [normal salt (NS); Purina Mills Richmond, VA] or started a 8% [high salt (HS); Harlan TEKLAB, Madison, WI] sodium diet for an additional 10 wk. Rats were housed in metabolic cages (Harvard Bioscience, South Natick, MA) for 24-h assessment of food and water intake and urine collection. Systolic blood pressure (SBP) was measured in trained rats (mean of 5 determinations/data point) with an automated tail cuff system (Narco Bio-systems, Houston, TX) under mild restraint. At the end of the study, animals were euthanized, and the trunk blood and tissues were collected as previously described (24) . These procedures were approved by the Wake Forest University School of Medicine Institutional Animal Care and Use Committee.
Western blot (immunoblot analysis). Renal cortical and urinary angiotensinogen were assessed by immunoblot with an antibody directed against an epitope on the NH 2-terminus region of the protein (residues 44 -56) which detects both ANG I-containing and des-ANG I forms of the protein. The antibody was produced in rabbits by coupling the COOH-terminus of Gln-Leu-Glu-Asp-Pro-Ser-Val-GluThr-Leu-Pro-Thr-he-Glu-Val-Pro-[Cys] via an added Cys residue to keyhole limpet hemocyanin. Kidney cortical homogenates were prepared as previously described (24) . The soluble fractions (25 g protein), plasma (0.38 l), or urine (50 l neat or concentrated) were then separated by gel electrophoresis and transferred to polyvinylidene difluoride membranes. Densities of the 55-and 60-kDa immunoreactive bands among experimental groups were determined by an IMCID imaging system; the results were expressed as arbitrary units of intensity and normalized to elongation factor-1␣ (24) .
Angiotensinogen ELISA. Plasma and urinary concentrations of angiotensinogen were measured with a total angiotensinogen assay kit (Immuno Biological Laboratories, Minneapolis, MN). The ELISA uses two specific antibodies for the capture and detection of the protein. The capture antibody is directed against the NH 2-terminal region [amino acids (AA): 135-150] of rat angiotensinogen, and the detection antibody recognizes the COOH-terminal sequence (AA: 405-420). The minimum detectable level of the angiotensinogen assay is 10 pg/ml of sample. Both plasma and urinary samples were initially diluted in the ELISA buffer before the assay.
RNA isolation and real-time RT-PCR. Cortical tissues were analyzed using real-time PCR as previously described (12) . All reactions were performed in triplicate, and 18S ribosomal RNA served as an internal control.
Angiotensinogen release. Kidneys were removed from NS and HS female congenic rats (n ϭ 3/group) at 15 wk of age. Two 2-mm transverse sections (100 mg/section) were cut using a tissue block at the midline of each kidney and immediately transferred to a vial containing 3 ml of oxygenated Krebs buffer maintained at 37°C. A 1.5-ml sample of the kidney perfusate was collected at 30 and 60 min and frozen at Ϫ80°C. The samples were thawed, concentrated 10-fold on a 5-kDa cut-off filter (Millipore, Bedford, MA), diluted in the ELISA buffer, and analyzed for angiotensinogen content. The release data were expressed as picograms angiotensinogen per minute of incubation per milligram weight of cortical tissue (pg/min/mg).
Urine analysis. Urine was collected over a 24-h period in metabolic cages, and urinary concentrations of ANG II and ANG-(1-7) were determined by RIA as previously described (29) . An additional urine sample was collected for angiotensinogen, creatinine, and protein over a 24-h period and stored at Ϫ20°C. Serum and urinary creatinines were measured by a Quantichrom Creatinine Assay Kit (Bioassay Systems, Hayward, CA). Urinary protein was measured by a Bradford protein assay (Bio-Rad, Hercules, CA).
Statistical analyses. All measurements are expressed as means Ϯ SE. Comparisons between the NS intact, NS OVX, and HS intact female rats were evaluated by ANOVA and the Tukey's multicomparison test post hoc analysis. All other data were analyzed by the Student's unpaired t-test, and Figs. 1-7 were constructed with GraphPad Prism V plotting and statistical software. A probability value of Ͻ0.05 was required for statistical significance.
RESULTS
Male mRen(2).Lewis. Maintenance of the male mRen(2)
.Lewis on the HS diet for 10 wk did not significantly influence SBP (214 Ϯ 6 vs. 234 Ϯ 10 mmHg; Fig. 1A ) or plasma angiotensino- Fig. 1 . Influence of a high-salt (HS) diet on blood pressure, angiotensinogen levels, and other parameters in 15-wk-old male mRen(2).Lewis. A: systolic blood pressure (SBP) in conscious male mRen(2).Lewis congenic rats receiving either normal salt (NS, 1%) or HS (8%) diet were similar as measured by tail cuff plethysmography. B: plasma angiotensinogen levels (ng/ ml) were not changed by the HS diet as determined by ELISA. C: urinary angiotensinogen (uAGT; g·kg Ϫ1 ·day Ϫ1 ) was significantly increased by the HS diet at 15 wk. D: urinary ANG II (uANG II) peptide levels were increased with the HS diet. E: urinary ANG-(1-7) [uANG-(1-7)] levels increased with HS. F: proteinuria was increased with HS. Values are means Ϯ SE; n ϭ 6 rats/group. *P Ͻ 0.05 vs. NS males.
gen levels (1,482 Ϯ 132 vs. 1,642 Ϯ 197 ng/ml; Fig. 1B) . However, the urinary excretion of angiotensinogen was significantly higher in the HS males compared with the NS diet males (23 Ϯ 2.5 vs. 3.0 Ϯ 0.4 g·kg Ϫ1 ·day Ϫ1 , P Ͻ 0.01; Fig.  1C and Table 1 ). Consistent with the increase in angiotensinogen, the urinary levels of both ANG II (49.3 Ϯ 4.6 vs. 22.6 Ϯ 2.7 pmol·kg Table 1 ). Angiotensinogen excretion was highly associated with proteinuria; however, the increase in urinary angiotensinogen with the HS diet did not correlate with systolic blood pressure (Fig. 2, A and B) . Because these data suggest that the HS diet may stimulate renal angiotensinogen, we next assessed the mRNA and protein expression in the renal cortex.
In contrast to urinary content, the mRNA levels for cortical angiotensinogen were lower in the HS-fed group compared with those maintained on the NS diet (Fig. 3A) . Moreover, protein expression as determined by Western blot did not reveal tissue differences in angiotensinogen between the HS and NS male congenics (Fig. 3B) . The immunoblot for cortical angiotensinogen revealed a single band at 60 kDa consistent with the molecular size of the protein reported in the kidney of the Dahl S strain (30) . Finally, we assessed the molecular forms of angiotensinogen in the plasma and urine of the HS males by immunoblot. As shown in Fig. 3C , the gel reveals two predominant immunoreactive bands at 60 and 55 kDa for both the plasma and urine samples.
Female mRen (2) .Lewis. We then assessed the influence of the HS diet or ovariectomy on expression of angiotensinogen (2) .Lewis. A: angiotensinogen mRNA levels, measured by real-time RT-PCR and expressed as a ratio of 18S ribosomal subunit, were lower in the HS vs. NS group diets (n ϭ 6; *P Ͻ 0.01). B: angiotensinogen protein expression was not changed by the HS diet. Protein density was determined by immunoblot of the soluble fractions from the renal cortex using an NH2-terminally directed angiotensinogen antibody and an antibody to elongation factor-1␣ (EF-1␣) to normalize protein content (n ϭ 6/group). OD, optical density. C: immunoblots of plasma and urinary angiotensinogen in HS male mRen(2).Lewis reveal bands at 60 and 55 kDa in both urine and plasma samples. in the female mRen (2) .Lewis. In contrast to the male mRen(2).Lewis, HS intake markedly increased blood pressure in the intact females (224 Ϯ 8 vs. 149 Ϯ 5 mmHg, P Ͻ 0.01; Fig. 4A ). OVX mRen (2) .Lewis females maintained on a NS diet also exhibited significantly higher blood pressure compared with intact females (184 Ϯ 6 vs. 149 Ϯ 5 mmHg; Fig.  4A ). Plasma angiotensinogen levels were not influenced by diet or ovariectomy (Fig. 4B) ; however, angiotensinogen excretion increased 180-fold (1.8 Ϯ 0.2 vs. 0.01 Ϯ 0.001 g·kg Ϫ1 ·day Ϫ1 , P Ͻ 0.01; Fig. 4C and Table 1 ) with the HS diet and 16-fold (Table 1) following early ovariectomy (0.2 Ϯ 0.02 vs. 0.01 Ϯ 0.001 g·kg Ϫ1 ·day Ϫ1 , P Ͻ 0.01; Fig. 4C ). The magnitude of change in urinary angiotensinogen observed in the HS females was significantly greater than that in HS males. The HS diet also increased the excretion of both ANG II (52.
Ϫ1
, P Ͻ 0.01; Fig. 4D ) and ANG-(1-7) (27.0 Ϯ 5.0 vs. 6.1 Ϯ 0.8, pmol·kg
, P Ͻ 0.01; Fig. 4E) . Moreover, the urinary content of ANG II was higher than ANG-(1-7) in the intact mRen (2) .Lewis on the NS (6-fold) and HS (2-fold) diets. Despite the increase in urinary angiotensinogen in the NS OVX females, ANG-(1-7) urinary levels were similar to the intact NS group, whereas ANG II levels were significantly less than both NS and HS intact (18.7 Ϯ 2.4 vs. 35.5 Ϯ 3.3 and 52.8 Ϯ 3.6 pmol·kg Ϫ1 ·day Ϫ1 , P Ͻ 0.01; Fig. 4, D and E) . Protein excretion was 12-fold (Table 1) higher in the HS females compared with either the NS intact (98.3 Ϯ 9.1 vs. 7.4 Ϯ 0.6 mg·kg Ϫ1 ·day Ϫ1 , P Ͻ 0.01) or the NS OVX (6.5 Ϯ 0.8 mg·kg Ϫ1 ·day Ϫ1 , P Ͻ 0.01; Fig. 4F ) group; however, proteinuria was not different between the NS intact and NS OVX females. Similar to the males, the female data exhibited a high correlation between urinary angiotensinogen and protein excretion (r ϭ 0.974, P Ͻ 0.01; Fig. 5A ). Moreover, blood pressure and angiotensinogen excretion were correlated in the mRen (2) .Lewis females (r ϭ 0.744, P Ͻ 0.01; Fig. 5B ). Because HS and ovariectomy enhanced angiotensinogen excretion to a greater extent than proteinuria, we determined whether angiotensinogen expression was induced in the kidney. The mRNA levels of angiotensinogen in the renal cortex were similar between the NS and HS groups but significantly lower in the NS OVX females (Fig. 6A) . Protein expression for cortical angiotensinogen was not changed with the HS diet or following ovariectomy (Fig. 6B) . It is possible that the HS diet stimulates the release of angiotensinogen in the tubular fluid, which may account for the greater excretion of the precursor. To address this possibility, we determined the secretion rate of angiotensinogen from cortical slices of intact NS and HS females. Although angiotensinogen was detectable in the perfusate by ELISA, we found no difference in protein release between the NS and HS groups (1.2 Ϯ 0.2 vs. 1.3 Ϯ 0.1 pg/min/mg, n ϭ 3/group). We also assessed the molecular forms of angiotensinogen in the circulation and urine obtained from the NS and HS females by immunoblot. As observed in Fig. 4 . Influence of estrogen depletion or a HS diet on blood pressure, angiotensinogen levels, and other parameters in 15-wk-old female mRen(2).Lewis. A: SBP in conscious female mRen(2).Lewis congenic rats measured by tail cuff plethysmography were higher in the ovariectomized (OVX) and HS groups compared with intact NS mRen(2).Lewis. B: plasma angiotensinogen levels (ng/ml) were similar among the NS, OVX, and HS groups. C: uAGT (g·kg Ϫ1 ·day Ϫ1 ) was significantly higher in the OVX and HS groups. D: uANG II peptide levels were increased with the HS diet. E: uANG-(1-7) levels increased with HS. F: proteinuria was increased with HS. Values are means Ϯ SE; n ϭ 6/group. P Ͻ 0.01 vs. NS intact (*) and vs. NS OVX (#).
the males, we found two bands for angiotensinogen in the plasma and urine fractions migrating at 60 and 55 kDa, as well as an additional immunoreactive band at 50 kDa that was present in the female urine samples (Fig. 6C) .
Finally, we compared the fractional excretion of angiotensinogen excretion in the mRen (2) .Lewis groups based on the creatinine estimation of glomerular filtraion rate (Fig. 7) . Fractional angiotensinogen excretion amounted to 0.0002% in the NS female but increased to 0.002% in the OVX group and 0.03% in the HS groups. Fractional excretion in NS males was 0.031% and increased to 0.25% with the HS diet.
DISCUSSION
The congenic mRen (2) .Lewis rat is an ANG II-dependent model of hypertension that exhibits sex differences in blood pressure, renal injury, and expression of different components of the RAAS (24) . The female congenics also show marked blood pressure sensitivity to ovariectomy and increased salt intake (7). The present study investigated whether alterations in the precursor protein angiotensinogen were associated with salt sensitivity in the male and female mRen (2) .Lewis, as well as estrogen sensitivity in the females. We used a highly sensitive double-antibody-based ELISA originally developed by Kobori et al. (16) to detect circulating and urinary levels of angiotensinogen, in addition to Western blot for tissue content and to assess the molecular forms of the protein (24) . In this study, both male and female mRen (2) .Lewis exhibit increased urinary excretion of angiotensinogen and greater proteinuria in response to the HS diet. Females exhibited a salt-dependent increase in systolic blood pressure. Associated with the saltinduced increase in angiotensinogen excretion, males and females exhibited higher urinary levels of ANG II and ANG-(1-7). Ovariectomy of females on the NS diet also increased urinary levels of angiotensinogen, but did not result in an increase in the excretion of ANG II or ANG-(1-7) nor was proteinuria significantly changed. Despite the increase in urinary angiotensinogen with the HS diet or ovariectomy, we did not find an associated increase in renal tissue angiotensinogen. Indeed, ovariectomy or salt loading in the males resulted in a significant decline in angiotensinogen gene expression in the renal cortex. Moreover, we found no difference in the rate of angiotensinogen release ex vivo from cortical tissue slices of NS and HS females. In addition to the similar molecular forms of angiotensinogen in the plasma and urine, our data suggest that increased angiotensinogen excretion in response to salt or ovariectomy likely reflects the enhanced filtration of circulating angiotensinogen rather than an increase in intrarenal synthesis and release in the mRen (2) .Lewis hypertensive strain.
The kidney plays a key role in the control of blood pressure, and various cellular elements of the kidney are targets of the circulating RAAS. However, accumulating evidence suggests that the intrarenal RAAS also contributes to the renal regula- Fig. 6 . Influence of estrogen depletion or a HS diet on angiotensinogen expression in the renal cortex of 15-wk-old female mRen (2) .Lewis. A: angiotensinogen mRNA levels measured by real-time RT-PCR and expressed as a ratio of 18S ribosomal subunit were lower in the OVX group (*P Ͻ 0.01 vs. NS and HS intact; n ϭ 6/group). B: angiotensinogen protein expression was not changed by OVX or the HS diet. Protein density was determined by immunoblot of the soluble fractions from the renal cortex using an NH2-terminally directed angiotensinogen antibody and an antibody to EF-1␣ to normalize protein content (n ϭ 5/group). C: immunoblot of plasma and urinary angiotensinogen in HS intact female mRen(2).Lewis rats. tion of blood pressure (17, 23) . Overexpression of angiotensinogen within the proximal tubules increases blood pressure, oxidative stress, and proteinuria but does not lead to higher levels of circulating ANG II (10, 18, 25) . Moreover, increased angiotensinogen expression exacerbates the extent of tubular damage and cellular atrophy in streptozotocin-induced diabetes (19, 20) . Indeed, several groups demonstrate that testosterone-dependent stimulation of intrarenal angiotensinogen may contribute to sex differences in blood pressure and renal injury (3, 9, 30). Yanes et al. (30) reported that castration reduced the salt-induced increase in blood pressure, proteinuria, and renal angiotensinogen expression in male Dahl S rats. Moreover, angiotensinogen gene expression was significantly higher in the renal cortex of male Dahl S rats compared with females regardless of the salt diet (30) . We also found that urinary levels of angiotensinogen were significantly higher in the male vs. the female mRen(2).Lewis rats maintained on either the NS or HS diets. The HS diet increased angiotensinogen excretion approximately eightfold, but we did not find a commensurate increase in gene or protein expression within the renal cortex. Moreover, Western blots revealed similar molecular mass bands at 60 and 55 kDa for angiotensinogen in the plasma and urine of the HS males, whereas a single band at 60 kDa was evident in cortical tissue. Although the molecular size of glycosylated angiotensinogen (55-60 kDa) does not favor glomerular filtration of the protein in the normal kidney (21) , urinary levels of angiotensinogen in the male mRen (2) .Lewis may reflect the filtration of the circulating protein arising from glomerular damage (24) . Urinary levels of ANG II and ANG-(1-7) also increased with salt, and the higher ANG II may contribute to the greater extent of renal damage or proteinuria. The presence of angiotensin peptides in the urine and tubular fluid has been shown by our group and others (5, 12, 22) ; however, it is not known in the present study whether the increase in urinary angiotensins arises from the processing of the filtered angiotensinogen, the direct release from renal tissue, or filtration of the intact peptides themselves.
In contrast to the male mRen (2) .Lewis, the females exhibited a significant increase (ϳ50 mmHg) in blood pressure with the HS diet consistent with our previous study (8, 14) . Associated with the salt-sensitive rise in pressure, urinary angiotensinogen levels markedly increased (Ͼ100-fold). Proteinuria and urinary angiotensins also increased with the HS diet, but to a lesser extent than angiotensinogen. Compared with the HS males, the HS females exhibited a significantly greater increase in urinary angiotensinogen (7.7-vs. 180-fold) but not proteinuria (8.9-vs. 12-fold) and an attenuated response in urinary ANG II (2.8 vs. 1.4; Table 1 ). However, angiotensinogen gene expression and cortical tissue content were not different between the NS and HS females. Because proximal tubules constitutively secrete angiotensinogen, a significant accumulation in tissue content may be difficult to detect. In this case, we found no difference in the release of angiotensinogen from cortical slices of the NS and HS groups. These data do not readily support an increase in secretion of angiotensinogen as the predominant mechanism for the salt-induced excretion of the protein but that filtration contributes to urinary levels. Immunoblot analysis revealed two primary bands (60 and 55 kDa) in both plasma and urine fractions but a single 60-kDa band in cortical tissue consistent with the males. We noted an additional band of 50 kDa in the female urine samples, which may reflect a different degree of glycosylation; the native protein exhibits a molecular mass of 48 kDa. As to the male-female difference in the blood pressure to the HS diet, the mechanism underlying this response is not currently known. The males on a NS diet exhibit significantly higher urinary levels of protein and angiotensinogen than the female congenics, as well as higher circulating and renal levels of ANG II (24) . We speculate that the male kidneys may have sustained a greater degree of renal damage than the females, which may impair their ability to regulate sodium and water. Thus the increase in blood pressure required to excrete the higher sodium load in the females may not be operative in the males. Alternatively, the HS diet may induce some degree of heart failure, which would reduce their ability to maintain a sustained increase in pressure. Chronic salt loading in young male SHR results in cardiac dysfunction associated with lower blood pressure (1). We observed no change in body weight nor increased mortality in the HS males (data not shown); however, an assessment of cardiac function is required to establish whether the HS diet induces heart failure in the male mRen (2) .Lewis.
Finally, we determined the renal expression and excretion of angiotensinogen in the OVX female mRen (2) .Lewis maintained on the NS diet. Estrogen stimulates angiotensinogen expression, and higher levels of the protein may potentially offset the beneficial effects of estrogen via increased levels of ANG II. Early ovariectomy in the female congenics augmented the hypertension and induced a 16-fold increase in urinary levels of angiotensinogen, significantly higher than the HS males but less than the HS females (Table 1) . In contrast to the effects of HS diet, ovariectomy did not increase the extent of proteinuria consistent with our earlier study (8) . The fact that urinary protein did not increase following ovariectomy would argue for a renal source of the angiotensinogen. However, ovariectomy did not increase angiotensinogen gene expression or cortical tissue content of the protein. Indeed, gene expression was significantly lower in the OVX females. Thus, it is possible that the increased urinary levels of angiotensinogen arises from subtle damage to the glomerulus and the subsequent filtration of circulating angiotensinogen. The significant increase in urinary angiotensinogen but not protein in the OVX Fig. 7 . Fractional excretion of angiotensinogen in the female and male mRen(2).Lewis. Both OVX and the HS diet increased fractional angiotensinogen excretion although the overall values were Ͻ0.05% for females and 0.3% for males.
mRen (2) .Lewis may reflect the high sensitivity (picogram range) of the angiotensinogen ELISA compared with the microgram quantities required for protein detection. We previously reported that ovariectomy of the mRen(2).Lewis did not increase albuminuria or proteinuria despite the sustained increase in blood pressure and activation of the RAAS (8) . The albumin ELISA used in the previous study exhibits a detection limit in the nanogram range (20 ng/ml; SPI-BIO), which is more sensitive than the protein assay, but an order of magnitude less than the angiotensinogen assay (10 pg/ ml). Given the low concentrations of angiotensinogen in the urine from the NS females regardless of estrogen status, we could not determine whether the molecular forms of the protein were similar for the serum and urine. Moreover, we have not assessed whether release of angiotensinogen is altered in the OVX mRen(2).Lewis; however, the fact that gene expression was reduced and the cortical protein unchanged suggests that it is unlikely that a sustained increase in angiotensin secretion accounts for the 16-fold increase in the urinary levels of the protein.
In summary, the findings in the present study reveal marked differences in the salt-sensitive responses in blood pressure and renal injury between the male and female mRen (2) .Lewis hypertensive stain. The male mRen (2) .Lewis exhibited significantly higher urinary angiotensinogen and protein than either the intact or OVX females, which may in part reflect greater renal damage in the males. The HS diet or ovariectomy increased angiotensinogen excretion in the absence of an increase in gene or protein expression within the kidney cortex. Moreover, the higher urinary levels of angiotensinogen in the OVX group were not associated with proteinuria. In this regard, Saito et al. (26) recently reported that increased excretion of angiotensinogen precedes the development of albuminuria in type 1 diabetic patients. Urushihara et al. (28) also reported a strong positive correlation for angiotensinogen excretion and proteinuria in patients with chronic glomerulonephritis. Although it remains to be determined whether angiotensinogen excretion precedes increased proteinuria in the mRen (2) .Lewis, the assessment of urinary angiotensinogen should be explored as a potential biomarker for the development of renal injury.
